THE RELATION BETWEEN THE FAT CONTENT OF THE BILE AND FATTY CHANGES IN THE LIVER by Le Count, Edwin R. & Long, Esmond R.
THE  RELATION  BETWEEN  THE  FAT  CONTENT  OF 
THE  BILE AND  FATTY  CHANGES  IN  THE  LIVER.* 
By EDWIN R. LE COUNT,  M,D., AI~*D ESMOND  R. LONG. 
(From  the Pathological  Laboratories  of Rush Medical  College and  the  Univer- 
sity of  Chicago,  Chicago.) 
Although numerous analyses of bile are reported in the literature, 
relatively few deal with the chemistry of the bile in the pathological 
state,  and  little  systematic investigation  seems to  have  been  made 
of the bile in diseased conditions of the liver.  A  few observations 
are recorded, most of them old, which seem to show that, in a  gen- 
eral  way,  acute  inflammatory  conditions  of  the  liver  lead  to  an 
increased secretion of the bile constituents, although the amount of 
water eliminated may be  small,  while atrophy  and  chronic degen- 
erations result in a  much lowered secretion. 
Concerning the  composition of the bile  secreted by  fatty livers, 
we have found only a  few observations,  yon Gorup-Besanez  1 saw 
fat  droplets  and  palmitin  crystals  in  the  bile  in  cases  of  typhoid 
fever and  tuberculosis.  Ritter, 2 in  two  publications  on  the  com- 
position of colorless bile,  found a normal, unvarying fat content of 
the  gall  bladder  bile  in  what  were  diagnosed  macroscopically as. 
"fattily degenerated" livers, three in man and one in a dog.  How- 
ever, as the livers were not reported as being excessively fatty, that 
is,  fattily  infiltrated,  and  as  no  analysis  for  fat  was  made,  the 
diagnosis  being macroscopic only, and as  the determination of  fat 
and cholesterol only without consideration of the fatty acid content 
of the soaps of the bile, seems to have been made, as far as we can 
tell  from the published figures, it is  doubtful if the  results  are of 
much value  as  an  indication  of  the  general  condition  of  the  bile 
in  fatty changes  in  the  liver.  Accordingly it  seems  that  Hoppe- 
* Received for publication, December 22,  1913. 
1 yon Gorup-Besanez, E.  F., Lehrbuch  der Chemie, 3d  edition, Braunschweig, 
I87~ iii, 525. 
2 Ritter,  E.,  Jour.  de  l'anat,  et  de  la  physiol.,  1872, viii,  181;  Compt.  rend. 
Acad.  d. sc.,  1872, lxxiv, 813. 
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Seyler's  3 quotation of Ritter's results as settling the question of the 
composition of bile secreted by fatty livers is unwarranted.  Hoppe- 
Seyler states in the same passage that the bile of geese may remain 
normal in  fat composition in high degrees of  fatty infiltration of 
the liver.  On the other hand, more recently, Gilbert and Jomier  4 
have published the results of  investigations in which an excretion 
of  considerable amounts of  fat in the bile was  observed histolog- 
ically in experimental fatty infiltration of the liver in rabbits,  fol- 
lowing the ingestion of meals rich in fat. 
In our investigation we have obtained livers of varying degrees 
of  fatty  change  and  the  corresponding gall  bladder  bile  from  a 
number of cases, shortly after death, and subjected both to analysi~ 
for  fat,--the  liver by extraction with hot alcohol and  ether,  and 
the bile by the Kumagawa-Suto method for fat estimation, in which 
the  total  fatty  acid  and  cholesterol  content  is  determined  after 
saponification.  This  method  gives  lower  results  for  the  lipoid 
content of  the  bile  than  those  usually  reported  in  the  literature, 
partly because of the loss of the glycerol radicle of the fats and the 
non-lipoidal elements of lecithin in the saponification, but largely, 
probably, because of the elimination of certain non-lipoidal constit- 
uents of the bile, such as cholic acid and similar substances, which 
are  soluble  in  ordinary  diethyl ether,  but  insoluble  in  petroleum 
ether, the final solvent in the Kumagawa method. 
It must be admitted, of course, in view of our imperfect acquaint- 
ance with the conditions of the bile in the gall bladder, the amount 
of  reabsorption,  and  so  forth,  that  a  study  of  the  bile  found in 
the gall bladder does not furnish a  perfect indication of the condi- 
tion of the bile as secreted originally by the liver.  We know that 
in the biliary tract the bile becomes concentrated, while some sub- 
stances, notably mucin, are added, and the question arises whether 
some fat may not be added and also if  some fat may not be lost. 
In this connection we note that Virchow  5 found that a reabsorption 
of bile fat takes place from the gall bladder epithelium.  He states 
further that in the fattiest livers he has  found no fatty change in 
3 Hoppe-Seyler, F., Physiologische Chemie,  Berlin, I88I, 317. 
* Gilbert A., and Jomier, J., Arch. de todd. expdr, et d'anat,  path.,  I9o5, xvi], I. 
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the  epithelium  of  the  gall  bladder.  On  the  other  hand,  we  our- 
selves  have several  times  observed  in dogs  fatty changes  in the gall 
bladder epithelium when the liver  itself  was not  fatty.  In spite of 
these  facts,  which make  it  unsafe  to  attempt  to  lay  down  general 
principles  on  the  basis  of  evidence  from  analyses  of  gall  bladder 
bile,  we  felt that a  study of  the liver  and gall bladder bile  in man, 
in  various  degrees  of  fatty  change  of  the  liver,  would  be  of  con- 
siderable  interest,  and accordingly  undertook the  investigation  with 
the  expectation  of  following  it  up  later  with  experimental  studies 
upon dogs  with biliary fistulae. 
In text-figures  I  and 2  and in table I  the results  are summarized. 
TABLE I. 
Case  Ratio of  Ratio of 
No.  total fat to  lecithin  to 
total dry  fat-free 
weight,  tissue. 
5  (  25.50%  5.05% 
2  27.60%  1.43% 
3  28.78%  5.23% 
4  44.Io%  1.40% 
5  44.64%  1.23% 
6  57.80%  1.49% 
7  57.80%  -- 
8  58.66%  1.25% 
Liver.  Bile. 
-L 
Ratio of 
cholesterol 
to fat-free 
tissue. 
1.6i% 
2.i8% 
2.86%-/0 
3.20~0 
2.68% 
3.4I% 
3.s9% 
Amoun  Total fat in 
m  bile per 
•  thousand. 
30  8.6 
30  5.0 
15  II.3 
I5  I7.5 
15  22.8 
14  20.4 
64  I4.9 
40  24.2 
Cholesterol 
in bile per 
thousand. 
I.I 
0.6 
2.0 
~.3 
1.6 
4.0 
2. 3 
4.0 
Remarks. 
Skull  fracture  and 
external  violence. 
Wood  alcohol  poi- 
soning. 
Lye  poisoning  and 
bronchopneu- 
monia. 
Pulmonary tubercu 
losi~. 
Gun  shot wound  of 
head.  Liver fatty. 
Chronic  alcoholism. 
Chronic  morphin- 
ism(?). 
Alcoholism  and 
chronic nephritis. 
In cases  I,  2,  and  3  the  liver  showed  little  or  no  fatty  change  by 
analysis  or  inspection.  Cases  4,  5,  6,  7,  and  8  were  fatty  livers. 
The 30 per cent. line in figure  I  separates  the two types.  The total 
fat  and  lipoid  content  of  the  eight  livers  examined  is  represented 
on  the  solid  line  in  the  chart  in  order  of  increase,  while  the  fat 
(fatty  acid  plus  cholesterol)  content  of  the  corresponding  gall 
bladder  bile is  represented  on the same  ordinate  in each case,  on a 
scale  convenient  for  comparison  with  the  liver  curve,  the  broken 
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is irregular in character and does not correspond exactly with the 
liver curve, but the chart shows that on the whole the gall bladder 
bile of  the  fatty  livers  averages higher in  fat than  that  found in 
the gall bladders of the livers which were not fatty. 
This  fact  is  illustrated  more  strikingly  by  text-figure  2.  The 
normal or  nearly normal livers average 26  per  cent.  fat,  and the 
Liver fatty. 
Pt~ C~lt. 
fat. 
40 
$0 
Average  of 
~ve  cases. 
Liver  52.6%. 
/  Bile  20  parts 
per thousand. 
/  f] 
/!, 
/  " 
,t 
/  ,/ 
/  ,' 
/ 
/  Liver norm 
l  nearly  n o r I 
\  l  Average of  t 
,,  l  cases.  Livc 
',  [  %.  Bile 8.31 
\  t  per thousand 
I 
i j  ,,,  /' 
~q  r 
TEx~r-FI6. I.  Liver.  One space on the 
ordinate ~--S  per cent.  of  dry  weight  solu- 
ble in ether  ......  Bile.  One space -- 3 parts 
of  fatty  acid +  cholesterol  per  I,ooo  parts 
of  bile. 
I 
T~xT-FI6.2.  Comparison of fat 
content  of  liver  and  correspond- 
ing gall bladder bile of livers rep- 
resented above  the  heavy line with 
those  represented  below  the  line 
in  text-figure  I.  Fat  content  of 
liver expressed  in per  cent. of  dry 
weight  soluble  in  ether.  Fat con- 
tent  of  bile  expressed  in  parts  of 
bile per  I,OOO. 
corresponding gall bladder biles 8.3  parts  per thousand.  The fig- 
ures are represented by columns of equal height, and columns rep- 
resenting the average fat content of the fatty livers and their gall 
bladder  biles  are  placed  beside  them  for  comparison,  the  second 238  Relation  between Fat  Content  and Fatty  Changes. 
liver column, representing an average fat content of 52.6 per cent. 
of the dry weight, being drawn to the same scale as the first liver 
column, and the second bile column, representing an average of 20 
parts per thousand, being drawn to the same scale as the first bile 
column.  A  striking parallelism is thus seen, which seems to indi- 
cate that  in  general  the  fat  content of  the  bile  secreted  by  fatty 
livers is greater than that of the bile  from normal livers,  in spite 
of the possible objections noted above, in view of which, moreover, 
an absolute parallelism could not be expected.  In table  I  the fig- 
ures for the analyses and the causes of death are given for each case. 
It was thought of interest to determine the lecithin and choles- 
terol.  The  former  was  estimated  by  the  method  of  Koch  and 
Woods,  6 and the latter by the method of Corper,  7 which was found 
to  yield  excellent  results  and  closely  agreeing  duplicates.  As  is 
usually found, the ratio of the lecithin to the dry, fat-free tissue is 
nearly a constant one, lecithin making up a fairly definite proportion 
of the cell protoplasm, in both normal and fatty livers, the increased 
fat of the latter being chiefly infiltrated body fat.  A similar relation 
might be expected to hold for the cholesterol, but our figures show 
an increase in the amount of this substance accompanying the infil- 
tration of adipose tissue fat. 
We  wish to  express  our  indebtedness to  Dr.  E.  J.  Witzemann 
for the determination of the dry weight of the liver samples, which 
was always made immediately after the autopsy. 
s Koch, W., and Woods, H. S., Jour. Biol.  Chem., I905--06 ,  i, 203. 
Corper, H. J., Jour.  Biol.  Chem.,  I912  , xii, 197. 